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Treponema pallidum partially inhibited the synthesis of DNA, RNA, and
protein by rabbit cells in vitro. The inhibition of DNA synthesis was proportional
to treponemal concentration and persisted during the period of exposure to T.
pallidum. The toxic effect was not dependent on treponemal metabolism or on
whole treponemes, since heat- and penicillin-killed treponemes and a cell-free
sonicate of treponemes had similar toxicities. The toxic factor(s) was also
detected in extracts of syphilitic rabbit testes but not in extracts of normal rabbit
testes or testes inflamed by chemical means. The T. pallidum-derived toxic
material had a molecular weight greater than 20,000 as determined by dialysis.
Protein and DNA synthesis were most rapidly inhibited; RNA synthesis contin-
ued at normal rates for up to 2 h after exposure to treponemes. Protein synthesis
or a necessary precursor of protein synthesis appeared to be the primary target of
the T. pallidum toxin(s).

The mechanism of pathogenesis of Trepone-
ma pallidum in syphilis is currently unknown. T.
pallidum is assumed to have little direct toxic
effect on host tissues. The tissue destruction in
primary syphilis and the serious systemic com-
plications of tertiary syphilis are generally
thought to be mediated by host immune respons-
es (12).

Fitzgerald et al. (10) observed that only viru-
lent T. pallidum were able to attach to cultured
mammalian cells. Heat-killed or nonpathogenic
cultivable treponemes did not do so. They sug-
gested that attachment might be related to the
pathogenicity of T. pallidum. T. pallidum at-
taches by one or both ends to the surface of
cultured cells, which are still apparently intact
after treponemal infection (11, 20). Thus, attach-
ment of T. pallidum to cultured cells does not
cause serious observable morphological damage
to cells in vitro (11). Recently, however, it has
been shown that heavy infection with T. palli-
dum (108 per ml) causes dysfunction of nerve
cells (27, 31) and morphological damage to a
variety of cells in culture (15).
No exotoxins, endotoxins, or other forms of

toxins have been detected to date in T. pallidum
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(12). In this report, we demonstrate that a toxic
factor (or factors) from T. pallidum and syphilit-
ic rabbit testes partially inhibits macromolecular
synthesis in mammalian cells in vitro.

MATERIALS AND METHODS
Maintenance of T. pallidum. Adult male rabbits were

used for the maintenance and passage of T. pallidum.
After intratesticular inoculation with 5 x 10' trepo-
nemes per testis, an orchitis usually developed within
9 to 11 days. The rabbits were sacrificed by intrave-
nous injection of 3 ml of sodium pentobarbitone (200
mg/ml). The testes were aseptically removed and cut
into longitudinal and transverse slices with sharp scis-
sors in a petri dish in a laminar flow cabinet. T.
pallidum cells were extracted anaerobically as previ-
ously described (39). The medium used was Eagle
minimal essential medium (EMEM) supplemented
with 10% fetal calf serum (FCS) with 10 mM HEPES
(N-2-hydroxyethylpiperazine-N' -2-ethanesulfonic
acid). The pH of the medium was adjusted to 7.4 ± 0.1
with 10 M NaOH. Carbon dioxide and sodium bicar-
bonate were not used since they had no enhancing
effect on treponemal survival in cell-free or tissue
culture systems (38).

Extraction of rabbit testes and preparation of high
concentrations of T. palidum. A treponemal suspen-
sion freshly obtained from orchitic rabbit testes was
centrifuged at 1,000 x g for 10 min to remove rabbit
testicular cells and erythrocytes. The concentration of
T. pallidum in the supernatant was determined by
using a bacterial counting chamber and dark-field
microscopy. The supernatant was recentrifuged at
12,000 x g for 30 min to pellet the treponemes, which
were then diluted with fresh medium to give the
appropriate concentrations. The supernatant was the
extract of syphilitic rabbit testes. Extracts of normal
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SYNTHESIS INHIBITION BY T. PALLIDUM 637

rabbit testes or chemically inflamed testes were ob-
tained in the same manner. Chemical inflammation of
rabbit testes was induced by intratesticular injection of
0.5 ml of either Freund complete adjuvant or thiogly-
colate broth (BBL Microbiology Systems, Cockeys-
vile, Md.).

Isolation and maintenance of tissue culture cells.
Primary cell cultures were isolated from the tissue of a
baby rabbit genital organ (BRGO) or from the testis
tissue of an adult rabbit. The tissue was cut and
minced into small fragments which were stirred in
phosphate-buffered saline containing 0.025% trypsin
(Sigma Chemical Co., St. Louis, Mo.) and 100 U of
penicillin and 100 ,ug of streptomycin (Glaxo Labora-
tories, Ltd., Greenford, Middlesex, England) per ml at
37°C for 30 min. The first extract (25 ml) was discard-
ed. The process was repeated and the second extract
(25 ml) was collected and centrifuged at 1,000 x g for
10 min to pellet the cells, which were then resus-
pended in HEPES-EMEM with 20o heat-inactivated
FCS containing antibiotics (as above). Subsequently,
the cells were grown without antibiotics at 37°C, and
the medium was changed every 3 days. After the first
two passages, the cells were grown in HEPES-EMEM
with 10%o FCS. The confluent monolayers were sub-
cultured with phosphate-buffered saline containing
0.025% trypsin and 0.001% EDTA (Sigma).
The C76/203 (human epithelial tumor) and BHK

(baby hamster kidney) cell lines are established cell
lines which were the generous gifts of E. A. V. Pihl
and Keith Stuckly (both at Monash University Prah-
ran, Victoria, Australia), respectively. These cells
were all passaged in EMEM-HEPES with 109o FCS.

Determination of [3H]thymidine, [3H]uridine, and
[3H]leucine incorporation by mammalian cells. Freshly
trypsinized mammalian cells were dispensed into each
well of a 96-well microtiter plate (Sterilin, England)
and allowed to attach for at least 12 h. The attached
cells were washed twice with medium before experi-
mental use. Experimental samples (200 RIl) were then
added to each well. After a defined period of aerobic
coincubation at 37°C, 0.5 ,uCi of [3H]thymidine (20
Ci/mmol; Amersham Corp., Arlington Heights, Ill.)
was added to each well. The supernatant was discard-
ed at the end of the labeling period, and the mammali-
an cells were solubilized with 150 ,u1 of lysis buffer (0.5
M NaOH, 0.05% sodium dodecyl sulfate). Using a
multiple-cell culture harvester (Skatron, Norway), we
collected the trichloroacetic acid (TCA) precipitates
onto glass fiber filters (Flow Laboratories, McLean,
Va.). Radioactivity was determined with a Packard
Tri-carb scintillation counter, using 5 g of 2,5-diphe-
nyloxazole (PPO) per liter and 0.4 g of 1,4-bis[2
(4-methyl-5-phenyloxazolyl)]-benzene (dimethyl-
POPOP) per liter in toluene as the scintillation cock-
tail. Data were compared by means of analysis of
variance, and the differences between the compared
groups were considered significant when P < 0.05.
Percent inhibition was calculated according to the
formula:

(1 - 3H isotope incorporated by infected cells)/

(3H isotope incorporated by uninfected cells) x 100

After RNA and protein labeling, the mammalian
cells were solubilized with 150 ,ul of a mixture of
trypsin (0.05%) and EDTA (0.03%) in phosphate-

buffered saline instead of the lysis buffer used for DNA
labeling. Since viable T. pallidum cells have the ability
to incorporate [3H]uridine (26) and [3H]leucine (1) into
RNA and protein, respectively, heat-killed T. pallidum
cells were used in the experiments measuring the
inhibition of RNA and protein synthesis in BRGO
cells. Experiments in our laboratory had shown that
viable and heat-killed T. pallidum cells are equally
inhibitory for DNA synthesis in BRGO cells. Counting
and harvesting of cells and the determination of per-
centage inhibition were all carried out as for DNA.

Dialysis of toxic extracts. To determine whether the
toxic components of a T. pallidum sonicate and the
syphilitic testes extracts were of high or low molecular
weight, we dialyzed them. Dialysis tubing was washed
in distilled water and boiled for 10 min against three
changes of 1 mM EDTA to remove any toxic materials
which might be associated with the tubing. Samples of
the extracts (5 ml) were dialyzed against 1 liter of
EMEM overnight at 4°C. The samples were then
resterilized by filtration (0.45-,um pore size; Millipore
Corp., Bedford, Mass.). Normal rabbit testes extract
was used as a negative control to determine whether
the dialysis procedure itself produced any toxicity for
BRGO cells.

RESULTS
Effect of DTT on DNA synthesis by BRGO

cells. Since T. pallidum is very sensitive to
oxygen (39), reducing agents are generally used
to prolong its survival in vitro in both cell-free
and tissue culture systems (14). To determine
whether reducing agents could be used in experi-
ments in which T. pallidum toxicity for mamma-
lian cells was being determined, we examined
the effect of dithiothreitol (DDT) on BRGO cell
DNA synthesis. BRGO cells were exposed to
0.5 mM DTT for 4 h in 96-well microtiter trays,
and then 0.5 p.Ci of [3H]thymidine was added
per well. BRGO cells exposed to DTT incorpo-
rated 542 ± 189 cpm per well, whereas control
cultures incorporated 1,215 ± 109 cpm per well
(a 55% inhibition of DNA synthesis). Peter-
kofsky and Prather (30) also observed that DTT
(0.2 mM) inhibited the growth of chick embryo
fibroblasts by 52% over 24 h although they found
that other reducing agents such as ascorbate,
glutathione, or cysteine were more toxic to
tissue culture cells than DTT.

Similarly, glutathione, cysteine, and DTT in-
hibit the response of nerve cells in culture to
electrical stimulation (28). Thus, in our subse-
quent experiments, reducing agents were not
used so as to eliminate their toxic effect on
BRGO cells.

T. paUidum toxicity for DNA synthesis in
BRGO cells. Intact BRGO cell monolayers were
incubated with various concentrations of viable
treponemes (103 to 1010 per ml), and the effect on
DNA synthesis in BRGO cells were measured.
The incorporation of [3H]thymidine by T. palli-
dum-infected BRGO cells was lower than in the
uninfected control, and the inhibition was dose
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FIG. 1. Inhibition of [3H]thymidine (A), [3H]uri-
dine (B), and [3H]leucine (C) incorporation in BRGO
cells by different concentrations of viable (A) or heat-
killed (B and C) T. pallidum. Treponemes were con-
centrated by high-speed centrifugation and diluted to
give different concentrations. In the experiments to
determine the inhibition of RNA (B) or protein (C)
synthesis in BRGO cells, the treponemes were killed
by heating to 56°C for 10 min before use. A 200-,ul
portion of treponeme suspension (103 to 1010 per ml)
were added to 103 BRGO cells per well. After 4 h of
coincubation, 0.5 ,uCi of either [3H]thymidine (A)
[3H]uridine (B), or [3H]leucine (C) was added to each
well. BRGO cells were allowed to incorporate the
labeled compound for 24 h. The cells were then
solubilized, the TCA-precipitates were collected and
radioactivity was determined. Each point is the mean

of 5 (A) or 15 (B and C) samples + standard devi-
ations.

dependent (Fig. 1A). Since T. pallidum has no
thymidine kinase (2, 27), the incorporation of
[3H]thymidine by T. pallidum was found to be
minimal (28 ± 17 cpm for treponemes without
tissue cells). Coincubation with 108 treponemes
per ml resulted in a 75% inhibition in DNA
synthesis by BRGO cells. This was the same
concentration of T. pallidum which caused the
dysfunction of nerve cells (28, 31) and morpho-
logical damage in a variety of cells (15) in vitro.
When the concentration of treponemes was 1010
per ml, the inhibition was 90% (Fig. 1A). Similar
results were obtained when the toxic effect of T.
pallidum was tested on a variety of other cell
types. Other tissue culture cells tested were
human skin tumor cells (C76/203), a primary
rabbit testes cell cultures, and BHK cells (data
not shown). Although all cells showed sensitiv-
ity to T. pallidum toxicity, the response was not
identical with all cell types. The BHK cells
became damaged and vacuolated within a few
hours of exposure to T. pallidum, whereas hu-
man skin tumor C76/203 cells were more resis-
tant and showed far less damage. The primary
rabbit testes and BRGO cell cultures were virtu-
ally identical in response to the toxic activity of
T. pallidum. The BRGO cell culture was chosen
for further study of T. pallidum for two reasons:
(i) it was derived from a susceptible host for T.
pallidum and thus could be related most easily to
in vivo pathology and (ii) it is capable of sustain-
ing prolonged in vitro survival of T. pallidum
(37) and is most similar to the cell type used in
cocultivation work (9).
The time course of incorporation of [3H]thy-

midine by BRGO cells after infection by viable
T. pallidum was studied. DNA synthesis contin-
ued in cells infected with 108 treponemes per ml
but as a greatly reduced rate compared to the
uninfected control (Fig. 2). After coincubation
for 1 h, DNA synthesis was inhibited by 75% in
infected cells, indicating that the inhibitory proc-
ess was rapid. The viability of treponemes began
to decline after 4 to 5 h under aerobiosis, even in
the presence of tissue culture cells. However,
the rate of inhibition was constant over the
course of the experiment (Fig. 2), suggesting
that the toxic factor is relatively stable and not
dependent on treponemal survival. The toxic
effect was followed for periods beyond 24 h in
some experiments. Morphological changes and
detachment of cells were seen after 3 days when
BRGO cells were exposed to 108 treponemes or
greater (data not shown). After approximately 5
days of exposure, the cell sheet had almost
completely detached, whereas control cells were
still normal in appearance. The disruption of
mammalian cells in tissue culture as measured
by morphological alterations and degradation
has been observed by others (15, 28). Labeling
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FIG. 2. Time course of the incorporation of
(3H]thymidine by normal (0) and infected (H) BRGO
cells. A 200-j,l portion of viable treponemes (108 per
ml) and 0.5 ,Ci of [3H]thymidine were added to 103
BRGO cells in each well. After fixed periods of
coincubation, BRGO cells were solubilized, TCA were
precipitates collected, and radioactivity was deter-
mined. Each point is the mean of five samples +

standard deviation.

studies were not normally continued beyond 24
h as nonlinear incorporation over longer periods
occurred in control cultures, indicating a possi-
ble radomizing of label which would not have
allowed for valid comparisons.

Effect of T. paUidum on synthesis of protein and
RNA in BRGO cells. To determine whether T.
pallidum had any effect on the synthesis of
macromolecules other than DNA, BRGO cells
were labeled with either [3H]leucine (protein
synthesis) or [3H]uridine (RNA synthesis) in the
presence of T. pallidum killed by heating at 56°C
for 10 min. Preliminary experiments showed that
heat-killed T. pallidum did not incorporate leu-
cine or uridine into TCA-precipitable material
(data not shown). BRGO cells exposed to heat-
killed T. pallidum showed a dose-dependent
inhibition of RNA synthesis (Fig. 1B) and pro-
tein synthesis (Fig. 1C) similar to that seen with
DNA synthesis (Fig. 1A). Inhibition ofRNA and
protein synthesis was not as complete as with
DNA synthesis; e.g., at 108 per ml RNA synthe-
sis was inhibited by 62% and protein synthesis
by 50% compared to a 75% inhibition of DNA
synthesis by the same number of treponemes.
Demonstration of toxic activity in nonviable T.

paUidum. To test whether toxicity was depen-
dent on treponemal viability, T. pallidum (108
per ml) were inactivated by several methods.
Heat-killed or penicillin-treated suspensions of
treponemes or a membrane-filtered sonicate of
treponemes (all prepared at the same initial

concentrations of T. pallidum) had similar in-
hibitory effects (Fig. 3). When compared to the
control, DNA synthesis in BRGO cells treated
with inactivated T. pallidum or with viable T.
pallidum were all inhibited by approximately
80%. Viable treponemes were not significantly
more toxic than inactivated treponemes. Since
the sonicate contained no intact treponemes but
only soluble components and presumably some
membrane vesicles, this toxic effect can proba-
bly not be attributed to treponemal metabolism.
This result suggested that the inhibition ofDNA
synthesis by BRGO cells was not dependent on
the attachment of viable treponemes to cultured
cells but was mediated by one or more toxic
factors associated with the treponemes.

Demonstration of toxic activity in extracts of
syphilitic rabbit testes. The toxic component(s)
was also detected in the cell-free extracts of
syphilitic rabbit testes. Extracts of normal rabbit
testes or of chemically inflamed rabbit testes did
not show any inhibitory effect on DNA synthesis
in BRGO cells. Extracts of normal rabbit testes
enhanced DNA synthesis in BRGO cells by
60%, extracts from chemically-inflamed testes
showed only slightly less enhancement of DNA
synthesis in BRGO cells than the extracts of

1:

E
a.

N4

C V.Tp H.Tp S.Tp PTp
FIG. 3. Effect of heat- or penicillin-killed trepo-

nemes or of a sonicated cell-free extract of T. pallidum
on the incorporation of [3H]thymidine in BRGO cells.
Freshly harvested treponemes (108 per ml) were heat
killed (56°C, 10 min), penicillin treated (100 U/ml, 2 h),
or sonicated (15 amplitude, 2 min; Soniprep MSE
ultrasonic disintegrator). The sonicated suspension
was filtered (0.45 i.m pore size; Millipore) to remove

any bacteria which may have contaminated the sus-
pension during sonication. A 200-pI portion of the
viable or killed treponemes or of the treponemal
extract was added to 103 BRGO cells per well. Radio-
labeling was performed as described in the legend to
Fig. 1. Each bar represents the mean of 10 samples
standard deviation. Abbreviations: V.Tp, viable T.
pallidum; H.Tp, heated T. pallidum; S.Tp, sonicated
T. pallidum; P.Tp, penicillin-treated T. pallidum.
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C SOT TOT STP
NRT AOT HKTP

-Orchitic testes extracts-
FIG. 4. Effect of testes extracts on DNA synthesis

in BRGO cells. Extracts were made from either nor-
mal rabbit testes or treated rabbit testes 11 to 14 days
after injection with 5 x 10' viable, heat-killed or
sonicated treponemes per testis. Sterile inflammation
was induced in testes by injecting each testis with 0.5
ml of either Freund complete adjuvant or thioglycolate
medium. The extracts were made as soon as inflamma-
tion became obvious. Extracts of these rabbit testes
were the high-speed supernatants described in the
text. BRGO cells (ca. 104 cells per well) were treated
with these testes extracts for 24 h before radiolabeling.
EMEM medium with 10%o FCS and 10 mM HEPES
was used. Abbreviations: NRT; normal rabbit testes
extract; SOT, syphilitic orchitic rabbit testes extract;
AOT, adjuvant-induced orchitic rabbit testes extract;
TOT; thioglycolate-induced orchitic rabbit testes ex-
tract; HKTP; rabbit testes sham infected with 5 x 107
heat-killed T. pallidum, harvested and extracted 11
days after injection; STP, rabbit testes sham infected
with the sonicated extract of 5 x 107 T. pallidum and
harvested 11 days after injection

normal testes (Fig. 4). In contrast, extracts from
syphilitic orchitic testes depressed DNA synthe-
sis in BRGO cells by more than 70% (Fig. 4).
To eliminate any potential inhibitory factor(s)

present in the orchitic testicular extracts, trepo-
nemes were washed in phosphate-buffered sa-
line and suspended in fresh medium. A mem-
bran-filtered sonicate of these treponemes (108
per ml) was significantly more toxic (P < 0.05)
than the extract of syphilitic orchitic rabbit
testes from which they were derived (Fig. 5).
This result suggests that the toxic factor(s) is
associated with T. pallidum. To determine
whether the material present in the syphilitic
rabbit testes extract and the extract of T. palli-
dum was of large molecular weight, they were
dialyzed overnight against EMEM without se-
rum. In neither case was the toxicity reduced by
dialysis, indicating that the toxic principle in
each extract had a molecular weight greater than
the 20,000 exclusion limit of the dialysis tubing
(Fig. 6).
Time course of inhibition of DNA, RNA, and

protein synthesis in BRGO cells due to toxin(s)
from heat-killed T. pallidum. Protein synthesis

continued in BRGO cells with 108 T. pallidum
per ml but at a reduced rate when compared to
the untreated control (Fig. 7A). The inhibition
was approximately 50% after only 15 min of
exposure to T. pallidum but did not increase
beyond this level within the experimental peri-
od. Inhibition of DNA synthesis was slower,
reaching a level of 60% 45 min after exposure to
T. pallidum (108 per ml) (Fig. 7B). RNA synthe-
sis was the least affected by T. pallidum since no
significant difference could be detected over the
first 90 min of exposure (data not shown). Only
when the exposure was continued for longer
periods was a significant inhibition detected,
being 50%o at 4 h and constant thereafter (Fig.
7C). These results suggest that protein synthesis
may be the primary target of action of the
treponemal toxin(s).

DISCUSSION
Pathogenesis in many bacterial infections in-

volves the production of toxin(s) by the invading
bacteria. Toxins may be directly responsible for
the disease as found in diphtheria (7), bacterial
dysentery (19), and cholera (34), or they may
simply contribute to the pathogenic process. In
the latter case, a wide variety of enzymes,
metabolites, and structural components of the
cell may be involved.

In syphilis, the reasons for the characteristic

8 T-

E
a.

C NRT ORT Tp
FIG. 5. Effect of extracts from normal or syphilitic

rabbit testes or T. pallidum (Tp) extract on incorpo-
ration of [3H]thymidine by BRGO cells. The extracts
of normal rabbit testes (NRT) and orchitic rabbit testes
(ORT) were the supernatants obtained by high-speed
centrifugation as described in the text. The T. pallidum
extract (108 per ml) was made by sonication and
sterilized by filtration. The control was EMEM sup-
plemented with 10%o FCS and 10 mM HEPES. Por-
tions (200-ILI) of the above extracts were added to 103
BRGO cells per well. Radiolabeling was performed as
described in the legend to Fig. 1. Each bar represents a
mean of 10 samples + standard deviations.
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NOT DIALYSED

=s 81 - DIALYSED
to

E

04-
0n

NRT SOT Tp
FIG. 6. Effect of dialysis on the toxicity of T.

pallidum or syphilitic orchitic testes extracts toward
DNA synthesis in BRGO cells. Extracts of normal
rabbit testes (NRT), syphilitic orchitic rabbit testes
(SOT), and T. pallidum (Tp) were dialyzed for 24 h
against EMEM medium without serum at 4°C. BRGO
cells were treated with extracts with or without dialy-
sis for 24 h before radiolabeling. Each bar represents
the mean of 15 samples ± standard deviations.

pathology seen in the various stages of the
disease are unknown. Lesion development in-
volves the breakdown of vascular tissue and the
ground substance of connective tissue (32). As
the immune response develops, further tissue
damage occurs, leading to ulceration (22). T.
pallidum appears to breakdown connective tis-
sue (32, 33), possibly by means of a mucopoly-
saccharidase (13, 32). The reason for the damage
to a variety of target organs that occurs in
tertiary syphilis is less clear. No good explana-
tion has been offered for these later pathological
changes, although autoantibodies to heart tissue
have been reported (6), indicating that at least
part of the damage may be mediated by autoim-
mune phenomena.
What part the bacterium itself directly plays in

the various pathological changes observed in the
course of the disease is unknown. No exotoxins,
endotoxins, or other treponemal toxins have
been conclusively demonstrated (12). Recently,
however, it has been shown that heavy infection
of tissue culture cells results in morphological
destruction of the infected cells (15) and dys-
function of nerve cells in vitro (28, 31). The
concentration used by Fitzgerald et al. (15),
Oakes et al. (28), and Repesh et al. (31) (108 T.
pallidum per ml) was that which we have shown
inhibits DNA synthesis by 75% (Fig. 1A), RNA
synthesis by 62% (Fig. 1B), and protein synthe-
sis by 40%o (Fig. 1C) in BRGO cells in culture.
This dose-dependent inhibition is unlikely to be
attributable to treponemal metabolism or com-
petition for a nutrient since a cell-free extract of
T. pallidum prepared by sonication was just as
inhibitory as viable treponemes (Fig. 3).
Time course experiments indicated that pro-

tein synthesis was affected most rapidly, with

DNA synthesis being impaired shortly afterward
(Fig. 7A and B). RNA synthesis was not affected
until much later and did not appear to be the
primary target of the toxin. The inhibition of
RNA synthesis, detected after longer periods (4
h) of exposure to treponemal toxin (Fig. 7C),
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FIG. 7. Time course of incorporation of t3H]leu-
cine (A), [3H]thymidine (B), and [3H]uridine (C), by
normal BRGO cells (0) and BRGO cells treated with
heat-killed T. pallidum (10 per ml) (0). Each point is
the mean of 15 samples ± standard deviation in three
separate experiments.
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probably resulted from initial inhibition of pro-
tein (and perhaps DNA) synthesis. Similar inhi-
bition of protein and DNA synthesis has been
observed for Shigella toxin (4), abrin (24), ricin
(25), and emetine (18), with recent work indicat-
ing that ricin inhibits DNA polymerase (3). The
inhibition of protein synthesis reached maxi-
mum level within 15 min (Fig. 7A), which was
the earliest time tested experimentally. It is
possible that the inhibitory effect might be due to
an inhibition of utilization of exogenous amino
acids, a depletion of intracellular amino acid
pools, an inhibition of cellular energy metabo-
lism, or a partial block in protein synthesis. The
inhibition of DNA synthesis may be a conse-
quence of inhibition of protein synthesis since it
occurred 30 min later (compare Fig. 7A and B),
perhaps after the failure to synthesize or accu-
mulate a sufficient concentration of initiation
proteins which may be necessary for initiation of
DNA synthesis (29). Since macromolecular syn-
thesis did not stop completely, the effect of the
toxin(s) was probably only cytostatic. This may
also be due to a decrease in the population of
cells incorporating label, a partial block of the
cells in one stage of the cell cycle, or both. Thus,
the cells could continue to synthesize macromol-
ecules, but at a reduced rate compared to the
untreated controls.

This toxic substance was found free in the
fluid which accumulated in the syphilitic orchitic
rabbit testes in response to infection with T.
pallidum (Fig. 4). In contrast, chemically in-
flamed orchitic rabbit testes contained no such
inhibitory substance. Cell-free extracts prepared
from washed T. pallidum were significantly
more toxic than the testicular extract from
which they were prepared (Fig. 5). These results
support the idea that the toxic material is de-
rived from the treponemes and not the host, and
its activity in cell-free extracts of T. pallidum
suggest that the effect is via a direct toxic action
on the host cell rather than by a simple competi-
tion between treponeme and host cell for a
nutrient substance.
The importance of this toxic substance will be

better understood once the chemical nature of
this material is known. The possibility exists
that the toxic activity resides in a structural
component of T. pallidum. The inhibitory ex-
tracts and the T. pallidum sonicate all showed an
endotoxin-like activity as assessed by the Limu-
lus lysate assay (unpublished data). Because
tissue destruction is proceeding by the time of
harvest and both polynucleotides and proteins
can interfere with the Limulus lysate test under
certain conditions (8), this result is only sugges-
tive. The Jarisch-Herxheimer reaction, which
commonly occurs after antibiotic treatment of
patients with syphilis (5), may be caused by a

treponemal endotoxin-like molecule (16). Stud-
ies with nonpathogenic treponemes might also
be helpful since Treponema phagedenis is
known to contain a lipopolysaccharide-like ma-
terial (21). Whether this material is toxic for
cultured mammalian cells is presently unknown.
In other systems, endotoxin has been shown to
directly effect mammalian cells in organ culture
(17). The possibility of an intracellular residence
of T. pallidum at times during the infection (35,
36) also may relate to this toxicity for mammali-
an cells. Shigella dysenteriae toxin has been
shown to cause many of its effects after the
bacterium has penetrated the host cell (19). An
exact determination of these mechanisms must
await the isolation of the toxin molecule; since
this in turn is dependent on the availability of
large quantities of treponemes with minimal host
contamination, it would be greatly facilitated by
an in vitro cultivation system.
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